The effect of electrical stimulation of the mesencephalic reticular formation (MRF) on the pyramidal tract (PT) response to cortical stimulation in adult rats was examined with and without alpha adrenergic blocking agents and other chemicals, applied intravenously, intraperitoneally or topically to the exposed cerebral cortex. 1. By MRF stimulation, the initial component of the PT response (D wave) was not significantly altered but the later component (I waves) was initially facilitated and subsequently inhibited. 2. Intravenously applied alpha adrenergic blocking agents, phentolamine and phenoxybenzamine consistently blocked reticulo-cortical inhibition. The reticulo-cortical facilitation was significantly reduced by phentolamine but the effect of phenoxybenzamine was not consistent on this mechanism. Neither the PT response nor the effect of MRF stimulation on it was affected by propranolol or atropine. 3. Phentolamine or phenoxybenzamine, topically applied to the cortical surface, blocked the reticulo-cortical inhibition but did not alter the reticulo-cortical facilitation. 4. A monoamine oxidase inhibitor, iproniazid (i. p.), significantly potentiated the reticulo-cortical inhibition but the effect on the reticulocortical facilitation was not satistically significant. 5. These results suggest that the reticular inhibitory effect on the motor cortical activity is mediated through an alpha adrenergic mechanism and the receptor site is distributed in the cerebral cortex.
tatory and/or inhibitory controls from MRF during EEG arousal (CALMA and ARDUINI, 1954; AKIMOTO and SAITO, 1966; KLEE, 1966; SPEHLMANN and DANIELS, 1972; STERIADE et al., 1969 . However, the precise mechanism of the reticulo-cortical activation is not yet completely understood.
On the other hand, since the classical studies by BONVALLET et al. (1954) and by ROTHBALLER (1956) , some adrenergic mechanisms are assumed to be involved in the reticulo-cortical arousing activity. Recently, Stockholm researchers (CARLS-SON et al., 1962; DAHLSTROM and FUXE, 1964; FUXE et al., 1968; UNGERSTEDT, 1971) mapped out the distribution of monoaminergic neurons in the brain and proposed that the monoamines might be synaptic transmitters in the ascending reticular activating system.
The present investigation demonstrates that the reticular inhibitory control of the pyramidal tract (PT) response was blocked by alpha adrenergic receptor blocking agents and suggests that the receptor site is distributed in the cerebral cortex.
METHODS
Adult rats (Wistar and Wistar King A) were used and fixed to a stereotaxic apparatus (Takahashi Co. B-301). The cerebral cortex was exposed under ether anesthesia with an initial small dose of pentobarbital sodium (25mg/kg, i.p.). The recording was initiated more than 30min after ether was discontinued. Procaine (0.1-0.2ml of 0.5%) was applied to the exposed cervical cord to keep the animal quiet after discontinuation of ether and subsequent applications of procaine were required during the experiment in most cases. In such cases, however, a very small dose of tetrodotoxin (TTX, 0.1-0.2ml of 10-6g/ml) was applied after initial application of procaine to avoid the absorption of procaine into the general circulation due to intermittent applications. TTX was found to keep a long lasting quiescence without additional application of procaine or TTX.
The cerebral cortex was electrically stimulated with a bipolar silver-ball electrode to evoke the PT response as described by OHTA and TASHIRO (1968) . The MRF was electrically stimulated with a bipolar silver-wire electrode (interpolar distance of 0.2mm) which was stereotaxically oriented and the electrode position was histologically examined after the experiment. The stimulation site in the MRF was 0.1 to 1.0mm anterior and 2.5 to 3.0mm above the interaural-line and 1.8 to 2.1mm lateral from the midline. Stimuli to the MRF were square waves of 0.03 to 0.3msec in duration and of 1 to 3mA in intensity.
The effects of various chemical agents on the reticulo-cortical influence were examined 15min after intravenous or intraperitoneal application and immediately after topical application to the cortical surface. Iproniazid was applied intraperitoneally. Propranolol and strychnine were applied intravenously. Atropine, phentolamine and phenoxybenzamine were applied intravenously as well as topically with a small piece of cotton. Phenoxybenzamine was initially dissolved in 
RESULTS
The effect of reticular stimulation on the pyramidal tract response The PT response was composed of the initial and late components (D wave and I waves respectively, PATTON and AMASSIAN, 1952; OHTA and TASHIRO, 1968) . The D wave remained unaffected by conditioning MRF stimulation (except with extreme intensity) as illustrated in Figs. 1, 2, and 3. However, the I waves were initially augmented and subsequently reduced by MRF stimulation, although only facilitation of the I waves was observed without inhibition in some cases. When the MRF was stimulated more intensely so as to affect the D wave, the initial facilitation of the I waves extensively reduced and the inhibition changed to facilitation. Such intense stimulation was not applied to the MRF in the present investigation. Intravenous application of adrenergic receptor blocking agents and other drugs SHUTE and LEWIS (1963) demonstrated existence of cholinergic neurons ascend-ing from the brain stem to the cortical areas in the rat and the ascending reticular activating system was assumed to be muscarinic (KANAI and SZERB, 1965) . In the present investigation, atropine (0.5mg/kg, i.v.) did not show any effect on this system (n=5, Figs. 2 and 3). Propranolol (1-3mg/kg) altered neither the PT response nor the reticulocortical influence as shown in Figs. 2 and 3 (n=4). The maximum facilitation of the I waves appeared at 2msec after MRF stimulation (arrows) except after phentolamine. After phentolamine, the maximum facilitation appeared at about 5msec after MRF stimulation in this case. The reticular facilitation was reduced by phentolamine but not reduced by other chemicals. The dots and arrows indicate the cortical and MRF stimulation respectively in this and the other figures.
Phentolamine (10mg/kg) reduced the I waves slightly in amplitude without affecting the D wave and the I waves were recovered almost completely within 30 to 60min. Moreover, phentolamine significantly depressed reticular facilitation of the I waves (in 4 out of 5 cases, p<0.02, Fig. 2 ) and reduced the reticular inhibition of the I waves (in all 5 cases, p<0.001, Fig. 3 ). The reticular inhibition of the I waves recovered from the blockade by phentolamine within 30 to 60min after application but the reticular facilitation was only partially restored even after 60min (Figs. 2 and 3) . Figures 2 and 3 illustrate a special case in which several chemical agents were applied successively to facilitate a comparison of effects among various agents. However, it was proved that phentolamine, when applied without previ- Fig. 3 . Effect of intravenous application of various drugs on the reticulo-cortical inhibition. The maximum inhibition appeared at about 60msec after MRF stimulation. Phentolamine blocked the reticular inhibition and strychnine slightly reduced it. Other agents had no effect. Further explanation in the text.
ous applications of atropine and/or propranolol, had essentially the same effect as mentioned above. Phenoxybenzamine (3-4mg/kg) had no significant effect on the PT response but significantly reduced the reticular inhibition of the I waves in all 3 cases (p< 0.001, Fig. 4) . However, phenoxybenzamine markedly depressed the reticular facilitation in only one out of 5 cases (Fig. 4) . Strychnine (0.5mg/kg) was applied together with d-tubocurarine (0.075mg/kg) to prevent strychnine seizure and respiration was supported artificially. Strychnine reduced the reticular inhibition of the I waves although the effect was not statistically significant (Fig. 3) . The reticular facilitation was not altered by strychnine (Fig. 2) .
Since all the agents tested were applied intravenously or intraperitoneally, there was a possibility that their effects might be non-specific, caused by changes in the general condition of the animal such as blood pressure. To exclude this possibility, the agents were applied to the cortical surface.
Topical application of alpha adrenergic receptor blocking agents to the cortical surface
The PT response as well as the reticular facilitation of the I waves was not significantly affected by either phentolamine (up to 3.6mM; n=5, Fig. 5 ) or phenoxybenzamine (up to 3.3mM; n=5). However, the reticular inhibition of the I waves was markedly reduced by 0.36mm of phentolamine (Fig. 5) , further reduced or abolished by 3.6mM and recovered almost completely in 30min after wash by Tyrode's solution (n=3, Fig. 6 ). The reticular inhibition of the I waves was unaffected by 0.036mM of phentolamine (n=3), the concentration of which was much higher than that effective upon the gut (BARNES and ELTHERINGTON, 1966) .
The reticular inhibition of the I waves was clearly reduced by 0.33mM of phenoxybenzamine (Fig. 8) and further reduced or abolished by 3.3mm (Fig. 7, n=3) . rows) and on the reticular inhibition of the I waves (lower 2 rows). Phentolamine blocked the reticular inhibition but had no effect on the reticular facilitation. The reticular inhibition was markedly reduced by phentolamine and recovered almost completely in 30min after washing. The reticular facilitation was augmented after phentolamine only in this case and this potentiation persisted after washing. Fig. 7 . Effect of topically applied phenoxybenzamine on the reticular inhibition of the I waves. Phenoxybenzamine blocked the reticular inhibition without affecting the reticular facilitation (not illustrated). The reticular inhibition was not recovered even at 60min after washing (not illustrated) but restored after iproniazid (i.p.) from the blockade by phenoxybenzamine.
The I waves were slightly reduced after phenoxybenzamine and slightly more reduced after iproniazid, partially due to the deterioration of the system such as bleeding. 9 and 10; n=3). Iproniazid slightly augmented the reticular facilitation of the I waves but this effect was not statistically significant.
DISCUSSION
Since MORUZZI and MAGOUN (1949) demonstrated that the MRF showed ascending control of inducing and maintaining EEG desynchronization and behavioral arousal, various investigators have then studied the effect of MRF stimulation on the motor cortical activity to understand the mechanism underlying the reticulo-cortical activation. For example, CALMA and ARDUINI (1954) reported a decrease in PT discharges during MRF stimulation in most cases. AKIMOTO and SAITO (1966) described only the generation of the tonic depolarization of PT cells during MRF stimulation. However, KLEE (1966) reported that a majority of the motor cortical cells were hyperpolarized and a small number of the cells were depolarized during MRF stimulation. SPEHLMANN and DANIELS (1972) demonstrated both excitation and inhibition of the same cortical neurons evoked by different parameters of MRF stimulation. Steriade and his co-workers recently demonstrated a reduced synaptic responsiveness of the PT cells which received a simple synaptic input from the thalamus and an opposite alteration of the PT cells which received complex synaptic inputs from the thalamic nuclei during EEG desynchronization . They concluded that induced or natural EEG arousal was associated with inhibition of the motor cortical interneurons which had an excitatory or inhibitory effect on the PT cells (STERIADE, 1969; STERIADE and DESCHENES, 1973) .
In the present investigation, MRF stimulation induced the early facilitation and late inhibition of the I waves of the PT response, and it was suggested that the reticulo-cortical facilitation might be mainly exerted through a pathway ascending directly from the brain stem to the cerebral cortex (SCHEIBEL and SCHEIBEL, 1966) , whereas the reticulo-cortical inhibition might be mediated through pathways which had more complex synapses than the reticulo-cortical facilitatory pathway and had an intracortical adrenergic mechanism. SHUTE and LEWIS (1963) demonstrated histochemically the cholinergic neuron system ascending from the brain stem to various cortical areas. KANAI and SZERB (1965) demonstrated that the acetylcholine release from the cerebral cortex was increased by MRF stimulation and this increase of acetylcholine release was blocked by atropine. However, in the present investigation, atropine, applied intravenously or topically to the cortical surface, could not alter the reticular influence on the PT resnonse. It was initially suggested by BONVALLET et al.(1954) and also by ROTHBALLER (1956) that an adrenergic mechanism might be involved in the ascending reticular activating system. Although CARLSSON et al.(1957) and WEIL-MARHERBE et al. (1959) demonstrated that intravenously applied catecholamines could not pass through the blood-brain barrier, direct application of catecholamines to the brain stem was found to produce similar EEG arousal (CORDEAU et al., 1963; YAMAGUCHI et al., 1964) . Furthermore, investigations made by microphoretic application have revealed the existence of the catecholamine sensitive neurons in both brain stem and cerebral cortex as well as in other parts of the central nervous system (KRNJEVIC and PHILLIS, 1963a and b; BRADLEY and WOLSTENCROFT, 1965; AVAN-ZINO et al., 1966; BOAKES et al., 1968; FREDERICKSON et al., 1971; J OHNSON et al., 1969a and b; JORDAN et al., 1972a and b) . These studies and the ones showing existence of the adrenergic nerve fibers accending from the brain stem to the cerebral cortex (FUXE et al., 1968; UNGER-STEDT, 1971) suggest the possibility that catecholamines may be the transmitter in the ascending reticular activating system. The present investigation may contribute to this idea and suggest that the type of adrenergic receptor may be alpha, which is in accord with the study on the brain stem neurons made by BOAKES et al.(1968) . However, it is contrary to the data of JOHNSON et al.(1969b) showing that noradrenaline-induced excitation of the cortical neurons was blocked by alpha as well as beta adrenergic blocking agents whereas noradrenaline-induced depression was relatively resistant to either alpha or beta receptor blocking agents.
In the present investigation, the reticular inhibition of the I waves was effectively blocked by alpha adrenergic blockers applied intravenously as well as topically to the cortical surface. It might be possible that the effect of intravenous application of these agents would be due to changes in the general circulation. However, this possibility may be excluded if it is found that these agents were effective when applied topically although the effective concentrations were much. more higher than in other tissues (BARNES and ELTHERINGTON, 1966) . Furthermore, a monoamine oxidase inhibitor, iproniazid, could potentiate the reticular inhibition of the I waves and restore it from the blockade by phenoxybenzamine.
These results suggest that an alpha adrenergic mechanism is involved in the reticular inhibitory control of the motor cortical activity and the receptor site is distributed in the cerebral cortex. However, the reticular facilitation of the I waves was significantly reduced only by intravenous application of phentolamine (p<0.02).
Iproniazid could slightly potentiated the reticular facilitation of the I waves but the effect was not statistically significant. An adrenergic mechanism seems to be involved in the subcortical structures such as the brain stem. A further study is required to understand whether and how the adrenergic mechanism is in volved in the reticular facilitation of the I waves. 
